ABSTRACT Tests were conducted that evaluated efÞcacy of wax matrix bait stations for Ceratitis capitata (Wiedemann) adults in Guatemala. Bait stations were exposed to outdoor conditions to determine effect of weathering on longevity as indicated by bait station age. Results of laboratory tests found that bait stations with spinosad and ammonium acetate remained effective for at least 31 d compared with pesticide-free controls, although there was some loss of efÞcacy over time. Percentage mortality for bait station strips with 2% spinosad and 1% ammonium acetate decreased from 100 Ϯ 0.0% on day 0 to 70 Ϯ 7.1% after 31 d. Ammonia concentration had little effect on percentage mortality although there was some indication that ammonia concentration affected number of ßies observed on the bait stations. Bait station strips (one per cage) were more effective than controls for 6 Ð 8 wk when tests were conducted in Þeld cages (3 m diameter ϫ 2 m), but only 2Ð3 wk when tests were conducted in large (2.5 m high and 6.0 m wide and 7.5 m long) Þeld cages. Longevity was restored when multiple bait stations (3, 6, or 12) were deployed per cage. Bait stations containing methomyl were used for Þeld tests of efÞcacy for wild ßies. Dipped lure bait stations, which were made by coating two edges of commercial ammonium acetate and trimethylamine lures, killed six times more ßies than corn cob bait stations dipped into a Nulure/malathion solution. They also killed more ßies than pesticide-free controls for 8 wk.
The Mediterranean fruit ßy, Ceratitis capitata (Wiedemann), is one of the many tephritid fruit ßies that pose serious threats to fruit and vegetable production worldwide. Techniques for tephritid population suppression and eradication include ground and aerial bait spray application (Rö essler 1989) . With the development of highly effective synthetic female-targeted lures (Heath et al. 1997 ) and concerns about adverse environmental effects because of pesticide application, there is more opportunity for implementation of behaviorally based pest management techniques for fruit ßy control (Prokopy and Mason 1996) . Mass trapping using synthetic lure-baited McPhailtype traps has been demonstrated to be an effective method for control of C. capitata in large scale Þeld tests conducted in Spain (Ros et al. 2000 , Leza et al. 2008 , Navarro-Llopis et al. 2008 . Development of bait stations, deÞned as discrete containers of attractants and toxins that target speciÞc pests, may provide an alternative method of pest fruit ßy suppression (ElSayed et al. 2009 ). Compared with current bait spray applications, bait stations minimize costs and risks to the environment because they are placed in the insect host habitat at spatially localized sites and can be left in the Þeld to provide maintenance-free protection (IAEA 2009) .
A variety of bait stations, also known as lure-and-kill devices, have been developed and tested for fruit ßies. An ideal fruit ßy bait station would incorporate a female-targeted attractant, a phagostimulant, a visual cue, and a toxicant (Duan and Prokopy 1995 , Katsoyannos and Papadopoulos 2004 , Mangan and Moreno 2007 . In addition, the bait station should last several months when exposed to adverse environmental conditions. Although the concept is simple, there are challenges in designing a bait station with the feeding stimulant and toxicant continuously present. Several bait stations have been developed that use feeding stimulants such as sugar (Hu et al. 1998; Prokopy et al. 2000a Prokopy et al. , 2003 liquid protein bait (Mangan and Moreno 2007, Ware et al. 2003) and phagostimulant gel (Navarro-Llopis et al. 2004 . When sugar is used as the feeding stimulant and is applied to the exterior of a bait station, it can be dissolved by rain, which renders the station ineffective (Prokopy et al. 2000b ). The feeding stimulant can be protected by placing the material in a rain fast container (Heath et al. 1995, Mangan and Moreno 2007) , but use of a container adds to the cost of the bait station.
As an alternative, Heath et al. (2009) developed a wax-based matrix formulation that can incorporate water soluble materials such as sugar as well as attractants and toxicants, and that can be molded into appropriate shapes. Laboratory and Þeld cage studies, conducted with the Caribbean fruit ßy, Anastrepha suspensa (Loew), found that the wax matrix could be used with a variety of pesticides and that there was no loss in efÞcacy despite exposure to over 360 mm of rainfall over the 56 d of the study (Heath et al. 2009) . Reported herein are studies that were conducted to determine the efÞcacy of formulations of wax-based matrix bait stations against C. capitata adults. Laboratory and Þeld cage studies with laboratory-produced ßies and Þeld trials with wild ßies were conducted to evaluate factors including concentration and source of ammonia used as attractant, longevity of bait stations when exposed to outdoor environmental conditions, and bait station density.
Materials and Methods
Insects. C. capitata were obtained as pupae from colonies maintained at the Moscamed rearing facility in Petapa, Guatemala. Flies were given water and adult food (3:1 mixture of reÞned cane sugar:protein hydrolysate) and were maintained in cardboard containers (1 liter) with the lid replaced by a cloth screen. Adult ßies were held and bioassays were conducted in laboratories with photoperiods of 12:12 (L:D) h at room temperature and ambient humidity. Females used in laboratory tests were obtained from mixed-sex cages and ranged in age from 3 to 16 d postemergence.
Wax-Based Bait Stations. Bait stations tested used a wax-based matrix with the addition of a pesticide and/or attractant (Heath et al. 2009 ). The base matrix was composed of parafÞn (GulfWax, Royal Oak Sales, Roswal, GA), a hardener (Elvax-60, Swan Candles, Tacoma, WA), and an emulsiÞer (SPAN 60, Uniquema, Wilmington, DE) in a ratio of 16:3:1, respectively. Added per 100 ml of base matrix were 24 drops of yellow:green (3:1) food coloring (McCormick & Co., Hunt Valley, MD) as a visual cue, and 20 ml of corn syrup (Karo, Bestfoods, Englewoods Cliff, NJ) and 2 g granulated sugar as feeding stimulants. The parafÞn, hardener, and emulsiÞer were combined and were heated with mixing to Ϸ80ЊC. Pesticides tested included spinosad (Conserve SC ϭ Spinosyn A and Spinosyn D [11.6% (AI)]; Dow AgroSciences, Indianapolis, IN) and methomyl (Lannate [90% (AI)]; DuPont Ag Products, Wilmington, DE). The attractants tested were ammonium acetate and ammonium bicarbonate (Aldrich, Milwaukee, WI). Bait station strips were produced by pouring wax matrix (containing pesticide and attractant) into Teßon-lined aluminum sheets that were Þrst sprayed with cooking oil and then had a fabric piece (100% unbleached muslin) placed on the sheet to provide a backing. Once the matrix had reached room temperature and solidiÞed, the matrix was cut into bait station strips. Size of strip varied among the different experiments and included 10 ϫ 5 cm (laboratory bioassays), 5 ϫ 2 cm (Þeld cage tests), and 6 ϫ 4.5 cm (Þeld tests). Dipped lure bait stations were prepared by mixing the base matrix with pesticide but without attractant, and coating the wax matrix on two edges of combinations of ammonium acetate and trimethylamine lures (Biolure, Suterra LLC, Bend, OR) that had been attached back-to-back. This provided both an increase in amount of attractant and a controlled release rate to increase bait station longevity. A 15Ð20 cm piece of galvanized steel wire (24-guage, Textron, Rockford, IL) was looped through a small hole placed in the center of the strip (fabric side up and hung in a horizontal position) or close to the top edge of the dipped lures (hung in the vertical position). The wire was twisted to secure the bait station, and the long end formed into a hook. Bait stations were stored at room temperature until use. Once experiments were initiated, bait stations were hung in nonfruit ßy host trees when not being used in bioassays. Bait station age was used to indicate number of days the bait stations were exposed to outdoor environmental conditions and subject to weathering.
Laboratory Bioassay. Experiment 1 used laboratory bioassays to evaluate efÞcacy of bait station strips with various amounts of ammonium acetate. Strips were prepared using spinosad (0 or 2% vol:vol) and 0, 1, 2, or 3% (wgt/vol) ammonium acetate. Laboratory bioassays were conducted by hanging bait stations individually in cylindrical screen bioassay cages (9 cm diameter ϫ 20 cm). Ten unstarved females were added to each cage with the bait and a sugar-water source. The six treatments tested were bait matrix control, bait matrix plus 1% ammonium acetate, bait matrix plus 2% spinosad, bait matrix plus 2% spinosad plus 1, 2, or 3% ammonium acetate. There were Þve cages per replicate for a total of 50 ßies per treatment per bait station age. The ßies were exposed to the bait station for 4 h during which the number of ßies on each bait station was recorded at 30 min intervals for a total of eight observations. The purpose of the eight observations was to compare the palatability of the treatments. The number of ßies observed on the bait station was summed over the eight observation periods, and sum total was used for analysis. The bait station was removed after 4 h and the number of dead ßies was recorded after 24 h. This number was converted to percentage mortality for statistical analysis. To test if there was loss in efÞcacy over time with weathering, bait stations were tested after 3, 9, 11, 17, 24, and 31 d in the Þeld.
Tests in Field Cages. Experiment 2 used standard Þeld cage tests to evaluate efÞcacy of bait station strips without spinosad or ammonium acetate (control) or with 2% spinosad and 1 or 3% ammonium acetate. The Þeld cages (3 m diameter ϫ 2 m high) were placed in a coffee Þeld near Boca del Monte, Guatemala. The Þeld cages were made of tan-colored 32-gauge nylon shade cloth (Synthetic Industries, Chattanooga, TN). Each cage was set up to enclose a single coffee (Coffea arabica L.) tree. Cages were placed within a 1 ha area, placed over planted trees that were between 1.5 and 2 m in height and were separated by enough distance (Ͼ1.5 m) between rows to allow for placement of a Þeld cage. Cages were grouped into blocks, and there were Þve replicate blocks.
One test was conducted per week for a total of 10 wk. Bait station strips (one per cage) were suspended in the top one-third of the coffee tree canopy in a location readily observable from outside of the cage. Before starting a test, cages were cleared of insects and spiders by hand. Debris that could potentially impede fruit ßy counts was also removed. On the Þrst day of a test, 200 5-d old fertile ßies (100 of each sex) were introduced into each Þeld cage at 8 a.m. The number of live females and males observed inside the Þeld cage after 24 and 48 h, and numbers of live and dead females and males observed after 56 h were recorded. After 56 h, the bait station strip was removed, and a yellow sticky trap (Tré cé Incorporated, Salinas, CA) was suspended 5 cm from the center of each cage ceiling. Traps were left in cages for an additional 4 d and the numbers of ßies of each sex still alive when the bait station was removed, as indicated by numbers caught on traps, were counted.
Tests in Large Field Cages. Experiments 3 and 4 were conducted in large Þeld cages (2.5 m high and 6 m wide and 7.5 m long) that were placed in a coffee Þeld located near Antigua, Guatemala. A Þeld cage was placed over Ϸ10 coffee trees, and there were 16 cages available for tests. Experiment 3 tested efÞcacy of bait station strips without pesticide or attractant (control), with 2% spinosad and no attractant, with 2% spinosad and 9% ammonium acetate, or with 2% spinosad and 9% ammonium bicarbonate. There was one bait station placed per Þeld cage. Experiment 4 tested effect of bait station density. Treatments tested were bait station strips without pesticide or attractant (control); 3, 6, or 12 bait station strips with 2% spinosad and 9% ammonium acetate per Þeld cage. There were four replicates of each treatment for both experiments. Mated ßies (500 total, 1:1 male-to-female ratio) were released in each Þeld cage. After 48 h, four yellow sticky traps were placed in each Þeld cage and number of ßies captured counted after an additional 24 h. Treatments were rotated to an adjacent Þeld cage after each test and tests were conducted weekly for 8 wk (experiment 3) or 7 wk (experiment 4).
Field Tests. Field tests were conducted in coffee plantation at Þnca Capetillo near Antigua, Guatemala to test effectiveness of bait stations against wild C. capitata. For these tests, a bait station was placed over a funnel attached to a vial containing 10% propylene glycol (vol:vol; LowTox, Prestone, Danbury, CT) aqueous solution to preserve captured ßies. Methomyl (1%) was used as the pesticide in the wax matrix bait stations, which provided immediate knockdown of ßies that feed on the bait station (N.D.E., unpublished data). Corn cob bait stations, which are made by dipping a corn cob into a solution of 80% Nulure (Miller Chemical & Fertilizer Co., Hanover, PA) and 20% technical malathion (Fyfanon ULV, Cheminova, Wayne, NJ), were also tested. These are local bait stations used by Guatemalan growers. Field tests were used to compare three bait station types per experiment and included dipped lure bait stations, corn cob bait stations, and bait station strips without pesticide or attractant (control, experiment 5); and dipped lure bait stations, bait station strips with ammonium acetate (1%) and bait station strips without pesticide or attractant (control, experiment 6). Bait stations/funnels were placed 10 m apart within a row (block), and there was 10 m between rows with bait stations. There were eight replicates in experiment 5. Experiment 5 was initiated 3 November 2003 and funnels were sampled weekly for 4 wk. There were 10 replicates in experiment 6. Experiment 6 was initiated 8 January 2004 and ßies were sampled every 3Ð7 d for 8 wk. Number of males and females captured were recorded, and number per treatment per day was used for analysis.
Statistical Analysis. Before analysis of variance (ANOVA), data were subjected to the Box-Cox procedure (Box et al. 1978) , which is a power transformation that regresses log-transformed standard deviations (y) against log-transformed means (x), and data were transformed to stabilize the variance before analysis when necessary. Statistical analysis included twoway ANOVA using a homogeneity-of-slopes model, with bait station age (days) as a regression factor and bait station treatment as a classiÞcation factor. This was followed by one-way ANOVA on effect of treatment using Proc GLM (SAS Institute 2008) with mean separation determined using least signiÞcant difference (LSD) test (P ϭ 0.05), and regression analysis on the effect of bait station age using Proc REG. Proc CORR was used to test for correlations among the response variables measured in experiment 2 (test in small Þeld cage). Counts of ßies captured on yellow sticky traps (Þeld cage tests) or in funnels under bait stations (Þeld tests) were converted to percentage female and were tested to determine if there were differences in capture of females and males. When no sex bias among treatments was observed, subsequent analysis was conducted on female capture only.
Results
Laboratory Bioassay. Two-way ANOVA found a signiÞcant interaction between treatment and bait station age (F ϭ 10.04; df ϭ 5, 168; P Ͻ 0.0001) in percentage mortality. Therefore, separate one-way ANOVAs were used to determine effect of treatment within each bait station age group. There was very little mortality in bait stations without spinosad, whether they had ammonia acetate or not (control, Table 1 ). Except for tests of bait stations that had aged for 9 d, in which there was lower mortality for bait stations with 2% spinosad and 3% ammonium acetate, there was no effect of amount of ammonium acetate in the bait station. Regression analysis on change in percentage mortality with bait station age found decreases in effectiveness of bait stations with 2% spinosad and either 2% (R 2 ϭ 0.5486; y ϭ 108.0 Ð2.8x, y ϭ percent mortality, x ϭ bait station age) or 3% ammo-nium acetate (R 2 ϭ 0.2541; y ϭ 94.6 Ð1.3x), but no changes in the other treatments.
There was no interaction between bait station age and treatment for sum total number of ßies observed on the bait stations (F ϭ 1.29; df ϭ 5, 168; P ϭ 0.2721), but both bait station age and treatment were signiÞ-cant. There was a slight decrease in number of ßies observed on the bait stations as bait station age increased (R 2 ϭ 0.0904; y ϭ 8.2Ð 0.16x, y ϭ sum total of ßies observed on the bait station, x ϭ bait station age) and this was true for all treatments. There were fewer ßies observed on bait stations with 2% spinosad and 3% ammonium acetate than on bait stations without spinosad either with or without ammonium acetate, and bait stations with 2% spinosad and 1% ammonium acetate (Table 1) . Numbers of ßies on bait stations with 1% spinosad without ammonium acetate and bait stations with 2% spinosad and 2% ammonium acetate were intermediate.
Tests in Field Cages. There were signiÞcant correlations (P Ͻ 0.0001) among all response variables recorded in the Þeld cage test, including positive correlations among numbers of live ßies observed in the Þeld cage after 24, 48, and 56 h; numbers of dead ßies observed after 56 h; numbers of ßies found on yellow sticky traps after an additional 4 d; and negative correlations with numbers of dead ßies observed after 56 h. Therefore, subsequent analyses were conducted on number of ßies on traps only. Two-way ANOVA found no interaction between treatment and bait station age on percentage females on sticky traps and no effect of treatment. There was a decrease in percentage females as bait station age increased (F ϭ 9.04; df ϭ 1, 145; P ϭ 0.0031; Table 2), but there was a poor Þt to Two-way ANOVA on number of females on sticky traps found an interaction between treatment and bait station age (F ϭ 11.92; df ϭ 2, 144; P Ͻ 0.0001). Therefore, separate one-way ANOVAs were used to determine effect of treatment within each bait station age group. Fewer females remained in Þeld cages with bait stations with spinosad and ammonium acetate than with the control bait stations (without spinosad or ammonium acetate) for the Þrst 4 wk of the study (Table 2 ). Field cages with bait stations with 2% spinosad and 1% ammonium acetate had fewer ßies for only one of the remaining 6 wk, and there was no difference in the number of ßies in Þeld cages with either control bait stations or with bait stations with 2% spinosad and 3% ammonium acetate for the remainder of the study. Regression analysis found no effect of bait station age on number of females recaptured in Þeld cages with control bait stations, but slight increases in numbers recaptured in Þeld cages with bait stations with 2% spinosad and either 1% (R 2 ϭ 0.1952; y ϭ Ϫ0.31 ϩ 1.60x, y ϭ number of females captured) or 3% ammonium acetate (R 2 ϭ 0.3059; y ϭ Ϫ0.61 ϩ 2.25x. Tests in Large Field Cages. Bait station age affected percentage of females on yellow sticky traps in experiment 3 (F ϭ 7.47; df ϭ 1, 120; P ϭ 0.0072), but there was no effect of treatment and no interaction between bait station age and treatment. As was observed in experiment 2, percentage females on sticky traps tended to decrease as bait station age increased (R 2 ϭ 0.0922; y ϭ 55.00 Ð1.65x, y ϭ percentage females on yellow sticky trap, x ϭ bait station age). There was an interaction between treatment and bait station age (F ϭ 4.97; df ϭ 3, 120; P ϭ 0.0028) on number of females on sticky traps, so separate one-way ANOVAs were used to determine effect of treatment within each bait station age group (Table 3) . More females were alive at the end of 56 h in Þeld cages with bait stations without spinosad than in any of the Þeld cages with bait stations with spinosad for the Þrst 3 wk of the study regardless of presence of ammonium acetate or ammonium bicarbonate. However, there was no difference among bait stations with or without spinosad for the last 5 wk. Separate regressions within each treatment group were used to determine the effect of bait station age on efÞcacy. There was no effect of bait station age in Þeld cages with control bait stations, but numbers recaptured increased in Þeld cages with bait stations with 2% spinosad alone (R 2 ϭ 0.3004; y ϭ 14.05 ϩ 6.15x, y ϭ number of females captured), with 9% ammonium acetate (R 2 ϭ 0.3822; y ϭ 1.01 ϩ 5.66x) or 9% ammonium bicarbonate (R 2 ϭ 0.1518; y ϭ 16.93 ϩ 3.65x).
There were no effects or interactions because of bait station age or treatment on percentage of females on sticky traps in experiment 4. Capture was malebiased and averaged 44.6 Ϯ 9.9% females (n ϭ 112) per sticky trap. There was an interaction between treatment and bait station age (F ϭ 5.15; df ϭ 3, 104; P ϭ 0.0023) on number of females per sticky trap, so separate one-way ANOVAs were used to determine effect of treatment within each bait station age group. For the Þrst 3 wk of the study, fewer females were captured in Þeld cages with bait stations with spinosad than in Þeld cages with bait stations without spinosad, but number of bait stations per Þeld cage had no effect (Table 4 ). Treatments with 3 or 12 bait stations per Þeld cage had fewer females than the control Þeld cage for three of the last 4 wk of the study. There was no difference, however, between the numbers of females remaining in the control Þeld cages versus the Þeld cages with six bait station per cage during the last 4 wk. Separate regressions were used to determine the effect of bait station age on efÞcacy within each treatment. Again, there was no effect of bait station age in Þeld cages with control bait stations, but numbers recaptured increased in Þeld cages with bait stations with 3 (R 2 ϭ 0.2771; y ϭ 5.04 ϩ 1.59x, y ϭ number of Response variables were sex ratio (% female, n ϭ 16) and no. females captured on yellow sticky traps left in Þeld cages for 1 d (df ϭ 3, 12). ns, not signiÞcant.
a SigniÞcant effect of bait station age within a column. See text for regression statistics. b Mean no. females captured within a row followed by the same letter are not signiÞcantly different (LSD test on log-transformed (x ϩ 1) data, P ϭ 0.05; nontransformed means presented).
females captured), 6 (R 2 ϭ 0.5182; y ϭ 7.38 ϩ 8.45x), or 12 (R 2 ϭ 0.2819; y ϭ 9.21 ϩ 4.35x) bait stations per Þeld cage.
Field Tests. No ßies were found in funnels under bait station strips without methomyl (controls) in experiment 5. Therefore, only data from dipped lure and corn cob bait stations were used in analysis of percentage females in funnels. The sex ratio of the ßies in funnels below dipped lure bait stations tended to be more female-biased than in funnels below corn cob bait stations (56.1 Ϯ 15.5 and 47.1 Ϯ 22.6%, respectively), but the difference was not signiÞcant (F ϭ 3.10; df ϭ 1, 59; P ϭ 0.0837). There was no interaction between bait station age and treatment; and no effect because of bait station age on number of females per funnel per day. One-way ANOVA found an effect because of treatment (F ϭ 141.22; df ϭ 2, 93; P Ͻ 0.0001) on number of females captured. The highest capture was in funnels under the dipped lure bait stations (6.0 Ϯ 4.5), intermediate capture in funnels under corn cob bait stations (0.8 Ϯ 0.8), and no capture in control funnels.
Similar results were obtained in experiment 6. There was no effect of treatment or bait station age, and no interaction between these factors on percentage of females captured in funnels. Sex ratio from all treatments over the entire study was slightly malebiased (47.7 Ϯ 22.3%). There was a signiÞcant interaction between bait station age and treatment (F ϭ 51.17; df ϭ 2, 444; P Ͻ 0.0001) for number of females captured, therefore effect of bait station age within each treatment was tested by regression and effect of treatment within each bait station age group was tested by one-way ANOVA. Number of females captured in funnels below the dipped lure bait stations decreased as bait station age increased (R 2 ϭ 0.4565; y ϭ 49.94 Ð 0.91x), but had the highest capture throughout the study (Fig. 1) . Capture of females also decreased in funnels below bait station strips (R 2 ϭ 0.2962; y ϭ 6.35Ð 0.16x), and this capture was higher than captures in control funnels for the Þrst Þve sample dates only (Ϸ2.5 wk). The only capture in the control funnels occurred early in the experiment, so capture also decreased (R 2 ϭ 0.1822; y ϭ 0.28 Ð 0.01x) over the experimental period. However, there were no females captured in the control funnels after the Þrst Þve sample dates.
Discussion
Concentration of ammonium acetate added to the wax matrix had little effect on bait station strip efÞcacy Average number per funnel per day with control bait station strips with no pesticide and no chemical attractant was between 0.1 and 0.5 for the Þrst Þve sampling periods, and was 0 for the remainder of the study, so symbols are not shown. Bait stations were sampled every 3Ð4 d and differences in symbols above the points within each bait station age group indicate signiÞcant differences among all three treatments (LSD mean separation test on log-transformed (x ϩ 1) data (P ϭ 0.05); nontransformed means presented). against C. capitata in both laboratory and Þeld cage trials. In the laboratory trials, there was a slight decrease in number of ßies observed on the bait stations with 3% ammonium acetate when they were monitored within the Þrst 4 h of the study but little difference in mortality over 31 d of bait station weathering. Similar results were obtained in studies with A. suspensa, in which there was no loss in efÞcacy over a 33 d test period for bait stations with the same concentrations of added ammonium acetate as were tested against C. capitata (Heath et al. 2009 ).
Although the potential negative effects of ammonium acetate on longevity of the spinosad in the bait stations were evaluated in the laboratory tests, effectiveness and longevity of the attractiveness of the ammonium acetate in the wax-based matrix were better evaluated in the Þeld cage and Þeld tests. There was no effect of treatment on female:male ratio as determined from percentage female captured on yellow sticky traps in Þeld cage tests or recovered in funnels in Þeld tests. Percentage female did change over time in experiments 2 and 3 (Þeld cage tests), but not in the experiment 4 in Þeld cage test or in the two Þeld tests (experiments 5 and 6). When there was change in percentage, there tended to be a decrease in percentage female. This may have been because of changes in sex ratio of the released ßies.
All Þeld cage studies had interactions between bait station formulation and bait station age, with differences among treatments decreasing as bait station age increased. Bait stations with spinosad and either 1 or 3% ammonium acetate caused signiÞcant mortality versus pesticide-free controls for 6 and 4 wk, respectively, over 10 wk (experiment 2). Previous studies with A. suspensa found no loss of efÞcacy over a similar 8 wk study with bait stations with 1% spinosad and 1% ammonium acetate (Heath et al. 2009 ). Those tests were conducted in Þeld cages that were 7 m diameter ϫ 3 m high. The Þeld cages used in experiment 2 were about half as large (3 m diameter ϫ 2 m high). When tests were conducted in larger Þeld cages (6 ϫ 7 m), bait stations with pesticide and with or without attractant were more effective than bait stations without pesticide or attractant for the Þrst three of the 8 wk of the study when there was only one bait station per Þeld cage (experiment 3). There was no effect because of the attractant, which was either 9% ammonium acetate or 9% ammonium bicarbonate. Thus, although there was no difference between the two formulations of ammonia, there was no increase in efÞcacy or longevity with this increased amount of ammonia. Nor did the 9% ammonia in either bait station treatment appear to be repellant, as neither was less effective than the 0% ammonia bait station throughout the test. However, increasing the number of bait stations per Þeld cage (experiment 4), gave more longevity and all Þeld cages with bait stations were more effective than the control for six of the 7 wk of the study.
An alternative bait station formulation was used in the Þeld tests because of concerns about the longevity of the attractant in the bait station strips. Instead of adding ammonia to the wax-based matrix, the matrix was added to the slow-release commercial ammonium acetate and trimethylamine Biolures. These lures provided the longevity of a controlled release formulation and their effectiveness in trapping systems has been demonstrated (Heath et al. 1997 (Heath et al. , 2004 ; and allowed use of both ammonium acetate and trimethylamine as attractants instead of ammonium acetate alone in the bait station strips. The other difference in the Þeld tests and the laboratory/Þeld cage tests was that methomyl was used as the pesticide instead of spinosad. Previous studies with A. suspensa found no difference in mortality by these two pesticides when mixed with wax-based matrix (Heath et al. 2009 ), but the methomyl provided the quick knockdown needed for retention in the funnels placed below the bait stations. The dipped lure bait stations killed the highest number of ßies for all 4 wk of the study and there were Ϸ6 times more ßies than were killed with the traditional Nulure/malathion corn cob bait stations. In the Þnal Þeld test (experiment 6), bait station strips with 1% ammonium acetate killed more ßies than control strips for 2.5 wk, which was similar to the longevity observed in the Þeld cage tests. Dipped lure bait stations, however, killed more ßies than either bait station strips or controls for all 8 wk of the study. Number killed decreased over time, but it is not known if that was because of loss in bait station efÞ-cacy or natural population decline. Bait stations containing methomyl tend to discolor faster than bait stations containing spinosad because of differences in color of the neat material (brown vs. white) and loss in the green color as visual cue over time (changing from green to brown) may have contributed to the decrease in bait station efÞcacy in the Þeld tests. Thus, dipped lure bait stations containing spinosad should be more effective over time than ones made with methomyl. However, because of bait stations with spinosad cannot be deployed over funnels to monitor responding ßies, appropriate Þeld tests that include traps to monitor adult population levels and fruit collection to determine fruit infestation levels will be needed to determine efÞcacy and longevity of dipped lure bait stations containing spinosad.
Bait station strips were developed to provide a biodegradable option for growers. However, retrievable options such as dipped lure bait stations are acceptable for growers as they could be removed at the end of the Þeld season as part of Þeld management procedures (IAEA 2009). Availability of unipack formulations of Biolure (Holler et al. 2009 ) may improve options of combining wax matrix bait stations with long lasting controlled release formulations. This could also include putrescine, the third component in the three component food-based synthetic attractant that is the most effective female-targeted lure for C. capitata . Ammonium acetate was the chemical added to the wax-based matrix because the importance of ammonia and acetic acid for fruit ßy attraction (Bateman and Morton 1981 , Mazor et al. 1987 , Keiser et al. 1976 ). Putrescine and trimethylamine were not tested as additives because of potential problems of combining these chemicals. However, separating the attractant from the waxbased matrix will alleviate these problems.
Results from this research conÞrmed that the waxbased matrix bait stations are effective against C. capitata. The two formulations tested include the bait station strips that could provide a biodegradable option for users and the dipped lures that provide a retrievable option. Although the addition of ammonia to the bait station strips only provided a chemical attractant that lasted 2Ð3 wk, the visual cue may continue to attract ßies beyond this time period if a high enough density of bait station strips can be deployed. However, increased longevity and improved attraction may be obtained by separating the attractant from the wax-based matrix. Separation of the attractant from the matrix would allow the bait station to be used with attractants for other target pest insects or with alternative fruit ßy attractants.
